Background/Aims: To detect the expression of the TRPC3 channel protein in the tissues of women experiencing preterm labor and investigate its interaction with T lymphocytes, providing a theoretical basis for the clinical prevention of threatened preterm labor and the development of drug-targeted therapy. Methods: Forty-seven women experiencing preterm labor and 47 women experiencing normal full-term labor were included in this study. All included women underwent delivery via cesarean section; uterine samples were obtained at delivery. The expression of TRPC3 in uterine tissue was detected by immunohistochemistry, real-time quantitative reverse transcription-PCR, and western blot assay. Activation of T lymphocytes in peripheral blood and uterine tissue were detected by flow cytometry. A TRPC3 -/-mouse model of inflammation-induced preterm labor was established; expression of TRPC3, Cav3.1, and Cav3.2 were analyzed in mouse uterine tissue. Activation of T lymphocytes in female mouse and human peripheral blood samples was determined using flow cytometry. Results: In women experiencing preterm labor, expression of TRPC3 and the Cav3.1 and Cav3.2 proteins was significantly increased; in addition, the percentage of CD3 + , CD4 + , and CD8 + T cells in peripheral blood was significantly decreased. TRPC3 knockout significantly delayed the occurrence of preterm labor in mice. The muscle tension of ex vivo uterine strips was lower, Cav3.1 and Cav3.2 protein expression was lower, and the percentage of CD8 + T lymphocytes was significantly increased in wild-type mice subjected to an inflammation-induced preterm labor than in wild-type mice experiencing normal full-term labor. Conclusion: TRPC3 is closely related to the initiation of labor. TRPC3 relies on Cav3.1 and Cav3.2 proteins to inhibit inflammation-induced preterm labor by inhibiting the activation of T cells, in particular CD8 + T lymphocytes.
Introduction
Parturition is a complex process that requires interaction between many factors and is regulated by multiple pathways [1] . The characteristic manifestation of parturition is the rhythmic contraction of the uterine smooth muscle accompanied by progressive expansion of the cervix. Many tissues, organs, and factors participate in the progression of parturition. Changes in expression of numerous hormones (including both maternal and fetal hormones as well as endocrine and paracrine hormones in the adjacent tissues including the placenta, fetal membrane, and decidua and hormones and cytokines produced by the uterus itself) [2] and their receptors [3] on the membrane of smooth muscle cells lead to the contraction of uterine smooth muscle to initiate labor. Thus, the contraction of uterine smooth muscle is thought to be key to the initiation of labor.
Studies have demonstrated that L-type and T-type calcium channel blockers cannot inhibit the initiation of preterm labor completely [4] . Transient receptor potential channels (TRPC) are a group of nonselective cation channels with six transmembrane spanning helices [5, 6] . Activation of TRPC leads to trans-sarcolemmal Ca 2+ influx to directly increase the intracellular Ca 2+ concentration; it can also lead to trans-sarcolemmal Na + influx to indirectly increase the intracellular Ca 2+ concentration [7] . There is evidence that, in cerebellar granule cells cultured in vitro, when TRPC3 and TRPC6 channels are opened, activation of the Ca 2+ / Ras/MEK/ERK and Ca 2+ /CaM/CaMK signaling pathways can phosphorylate cAMP-response element binding protein (CREB) and increase its transcriptional activity, thereby promoting the survival of neurons [8] .
T cells can be activated by foreign antigens on the surface of antigen-presenting cells. Multi-signal transduction through the T-cell antigen receptor activates the Ca 2+ channel, leading to Ca 2+ influx into T cells, thereby controlling immune responses [9] . The T-type calcium channel family includes three different α1 subunit genes: CACNA1G, CACNA1H, CACAN1I, encoding α1G, α1H, and α1I, respectively; these genes constitute Cav3.1, Cav3.2 and Cav3.3, three kinds of T-type calcium channel subtypes. T-type calcium current has specific biophysical properties, while the expression of Cav3.1 and Cav3.2 subtypes produced by the T-type calcium current. Recent studies have shown that TRPC channels are activated in mammalian gestational uterine tissue [10] . Mechanical stretch of the uterine smooth muscle ex vivo has been shown to activate the TRPC3 channel [11] . Up-regulation of the TRPC3 channel as well as increasing L-type and T-type calcium ion channel expression can increase the ability of uterine spiral arteries of pregnant mice in labor to contract, which is related to the initiation of labor. Little data has been reported regarding whether TRPC3 depends on calcium ion channels to activate T cells to regulate the progression of labor.
In this study, we collected the uteruses of women at different stages of labor, investigated the effects of TRPC3 channel and calcium ion channel function on uterine contraction, and revealed a role for T cells in the initiation of parturition, providing theoretical evidence for the prevention of threatened preterm labor and the development of drug-targeted therapy.
Materials and Methods

Sample collection and grouping
Forty-seven women presenting with preterm labor (PL group), 47 women experiencing full-term labor (FTL group), and 47 non-pregnant women (control group) were selected from patients who received treatment in the Department of Obstetrics, Shengjing Hospital of China Medical University, China from October 2015 to June 2016. All patients underwent cesarean section. Inclusion criteria: gestational age for 28 to 36 +6 weeks or premature rupture of membranes; delivery method via cesarean section; postpartum pathology report identified infection as the cause of preterm labor. Exclusion criteria: pathological pregnancy including pregnancy hypertension, diabetes, placental abruption, placenta previa with heart disease, diabetes, hyperthyroidism. There were no significant differences in parturient age (28.45±1.22 vs 28.89±2.36, P > 0.05) between the preterm labor and full-term labor groups. The criteria for group inclusion were as follows: (1) -/-mice were randomly divided into either the WT preterm labor group (group PL; n = 10), the WT fullterm labor group (group FL; n = 10), the TRPC3 -/-preterm labor group (group T -/-PL; n = 10), or the TRPC3 -/-full-term labor group (group T -/-FL; n = 10). On day 15 of gestation, mice in the PL group and T -/-PL group were intraperitoneally administered lipopolysaccharide (LPS, 50 µg/kg). After spontaneous delivery of the first pup, cesarean section was immediately performed to collect uterine smooth muscle tissue. On day 19 of gestation, after spontaneous delivery of the first pup, mice in the group FL and T -/-FL group were subjected to cesarean section to harvest uterine smooth muscle tissue. One portion of fresh uterine smooth muscle tissue was used for measurement of muscle tension, one portion was preserved in 4% paraformaldehyde, one portion was rapidly frozen at -80°C, and the remainder was used for flow cytometry.
Determination of myometrial muscle tension
A 1-cm long segment of uterus tissue (in the fiber orientation) was collected and washed with normal saline. One end of the uterus tissue sample was fixed on the specimen hook of a multichannel physiological data acquisition and analysis system (RM6240, Chengdu Instrument Factory, Chengdu, China) and placed in a bath trough of 8 mL of balanced salt solution [containing NaCl 8.0 g, 10% KCl 2.0 ml (0.2 g), 10% MgSO 4 .7H 2 O 2.6 ml (0.26 g), 5% NaH 2 PO 4• 2H 2 O 1.3 ml (0.065 g), NaHCO 3 1.0 g, 1 M CaCL 2 1.8 ml (0.2 g), glucose (1.0 g)]. The other end of the tissue sample was connected to a tension converter. Uterine contractions were recorded.
DNA extraction from TRPC3
-/-mouse tails and polymerase chain reaction (PCR) Primers were designed according to the sequence for TRPC3 reported in Genbank and synthesized by Shanghai Biomedical Biotechnology Co., Ltd., China. DNA was extracted with QIAamp Fast DNA Tissue Kit (51404, Qiagen) and PCR was used for detection. The PCR reaction contained 2 μL of DNA template, 1 μL of wild-type primer, 1 μL of mutant primer, 1 μL of universal primer, 12.5 μL of Taq mix, and 7.5 μL of ddH 2 O. PCR reaction conditions were 35 cycles of: pre-denaturation at 95 °C for 5 minutes, denaturation at 95 °C for 30 seconds, annealing at 72 °C for 30 seconds, and extension at 72 °C for 1 minute, followed by a final extension of 5 minutes. After termination of PCR, agarose gel electrophoresis was performed for genotype identification. The primers used for PCR are listed as follows:
Wide-type primer: GCGGCGCTTTTAATGTT Mutant primer: ATTTAGAGCTTTTTAACC Universal primer: GCTCATTATCAGCGAGT
Immunohistochemistry
To detect TRPC3 expression in uterine tissue, the uterine tissue sample preserved in 4% paraformaldehyde was dehydrated, cleared, embedded with paraffin, and sliced into 4 mm-thick sections. Subsequently, these sections were processed with antigen retrieval solution, which was heated for 40 minutes, then cooled to room temperature, incubated at room temperature for 15 minutes, and treated with confining liquid for 2 hours. Thereafter, the sections were incubated with primary antibody, rabbit anti-TRPC3 antibody (Abcam, 25 kD, 1: 1000), at room temperature overnight followed by secondary antibody Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry at 37 °C for 30 minutes. Then, the sections were treated with 3, 3'-diaminobenzidine, counterstained with hematoxylin, dehydrated, cleared, mounted, observed under microscope (Leica DM4000BLED, Germany), and photographed.
Western blot analysis
Uterine tissue collected from pregnant women and mice was re-suspended in PBS with protease inhibitors (Roche Diagnostics, Castle Hill, Australia) and then centrifuged at 3000 ×g at 4 °C for 5 minutes. The supernatant was placed on ice and the protein concentration in the sample was determined using a Bradford protein assay kits (Bio-Rad, Hercules, CA, USA). Proteins were separated via sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), then transferred from the gel to a PVDF membrane at 80 V for 2 hours at 4°C. After washing, the membrane was incubated with rabbit anti-TRPC3 antibody (Abcam, 25 kD, 1: 1000), rabbit anti-Cav3.1 antibody (Abcam, 25 kD, 1: 1000), or rabbit anti-Cav3.2 antibody (Abcam, 262 kD, 1: 1000) overnight. Target protein expression was detected using enhanced chemiluminescence.
Real-time quantitative reverse transcription-PCR (qRT-PCR)
TRPC3, Cav3.1, and Cav3.2 expression levels in uterine tissue of pregnant women and mice were detected by PCR. RNA was extracted using Trizol reagent (Invitrogen, Carsbald, CA, USA) and then reverse transcribed into cDNA using a qRT-PCR kit (Invitrogen). All primers were designed by PrimerPrimer6.0 software. TRPC3 sense: 5′-GGCGCTCATGCATCTTT-3′, anti-sense: 5′-AAGGAGCTGTGTCTACG-3′; Cav3.1 sense: 5′-GTTGCCGCCGAGACTA-3′, anti-sense: 5′-GTTTGGCACCCAATTGAG-3′; Cav3.2 sense: 5′-CGGTGTGATCAAATTAAT-3′, anti-sense: 5′-TTTCCATATTTAACTATA-3′; GAPDH sense: 5′-TATTAACGGATTCGGTCG-3′, anti-sense: 5′-CACATTAAGGGTGGTGCA-3′. The comparative CT (ΔΔCT) method was used to determine the relative expression of TRPC3, Cav3.1, and Cav3.2.
Flow cytometry
Blood samples were collected from pregnant women and mice. The blood cells were added at an equal amounts of erythrocyte lysate (BD, 555887) and peripheral blood samples to lyse erythrocytes. The number of PBMC was counted. After addition of 5 μl of anti-CD4, anti-CD3, and anti-CD8 antibodies, the single cell suspension was incubated at room temperature for 30 minutes. After cell resuspension, flow cytometry was performed using FlowJo_V10 software.
Statistical analysis
All data were statistically analyzed using SPSS19.0 software. Measurement data were expressed as the mean ± SD. A t-test was used for pairwise comparisons. One-way analysis of variance was used for comparison among groups. A level of P < 0.05 was considered statistically significant.
Results
TRPC3 expression increased in the uterine smooth muscle tissue of women experiencing preterm labor
Immunohistochemistry (Fig. 1A) , western blot analysis (Fig. 1B) , and qRT-PCR (Fig. 1C ) results indicated that TRPC3 was expressed in the uterine smooth muscle tissue of women in both the preterm labor and full-term labor groups. However, TRPC3 expression in uterine smooth muscle tissue was significantly higher in the preterm labor group than that in the full-term labor group (P < 0.05). These data indicate that TRPC3 is involved in the occurrence and development of preterm labor.
Cav3.1 and Cav3.2 are highly expressed in the uterine smooth muscle tissue of women experiencing preterm labor
Western blot analysis ( Fig. 2A) and qRT-PCR (Fig. 2B) results showed that Cav3.1 and Cav3.2 expression in the uterine smooth muscle tissue was significantly higher in the preterm labor group than that in the full-term labor group (P < 0.05). This finding suggests that T-type calcium channel expression change is involved in the occurrence of preterm labor.
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Decreased T cells in preterm labor women
To investigate the activation of T cells in preterm women, flow cytometry was performed to determine of there were changes in the CD3 + , CD4 + , or CD8 + T cell subpopulations in the preterm labor and full-term labor groups (Fig. 3A-B) . Results showed that the number of CD3 + , CD4 + , and CD8 + T cells in the peripheral blood was significantly decreased in the preterm labor group than in the full-term labor group (P < 0.05). This finding suggests that preterm labor inhibits the activation of CD3 + , CD4 + , and CD8 + T cells.
Genotype identification in TRPC3
-/-mice Gel electrophoresis of TRPC3 PCR products identified a protein of approximately 358 bp in wild-type rats. Proteins of 236 bp and 358 bp were observed in heterozygotes while homozygotes expressed only a 236bp protein. The proportion of homozygous mice was 30%. To further validate the reliability of PCR results, we used a western blot method to detect TRPC3 protein expression in mouse tails. TRPC3 protein expression was detected in wildtype mice but not in TRPC3 -/-mice. These data are consistent with the PCR results (Fig. 4) .
TRPC3 knockout inhibited inflammation-induced preterm labor
To further validate the relationship between TRPC3 and inflammation-induced preterm labor, we established wild-type and TRPC3 -/-mouse models of inflammation-induced preterm labor through administration of LPS on day 15 of gestation (Table 1) . Preterm labor occurred in wild-type mice within 24 hours after LPS administration and in TRPC3 -/-mice within 48 -72 hours after LPS administration. These findings suggest that TRPC3 knockout delayed the occurrence of preterm labor. We measured muscle tension of uterine strips and found that the muscle tension of ex vivo uterine muscle from wild-type mice was significantly greater in the preterm labor group than in the full-term labor group (P < 0.05); the muscle tension of ex vivo uterine strips from TRPC3 -/-mice was significantly decreased in the preterm labor group as compared to the full-term labor group (P < 0.05) (Fig. 5A) . Western blot results showed that Cav3.1 and Cav3.2 protein expression in the uterine smooth muscle tissue of wild-type mice was significantly increased in the preterm labor group than in the full-term labor group (Fig. 5B) . However, Cav3.1 and Cav3.2 protein expression in the uterine smooth muscle tissue of TRPC3 -/-mice was significantly decreased in the preterm labor group than in the full-term labor group (P < 0.05). These findings suggest that TRPC3 depends on Cav3.1 and Cav3.2 protein to initiate inflammation-induced preterm labor. 
TRPC3 knockout promoted T cell activation
To further validate the relationship between TRPC3 and T cells, we determined the activation of CD3 + , CD4 + , and CD8 + T cells in the uterine smooth muscle and peripheral blood in wild-type and TRPC3 -/-mice under conditions of both preterm and full-term labor (Fig. 6A-B) . The number of CD3 + , CD4 + , and CD8 + T cells in the uterine smooth muscle and , and CD8 + T cells in peripheral blood. FFS and SSC gating criteria were utilized to define the lymphocyte population. Data were collected from the control group, preterm labor group, and full-term labor group. Compared with control group,*P<0.05; Compared with the preterm labor group, #P<0.05. peripheral blood of wide-type mice was significantly decreased in the preterm labor group than in the full-term labor group (P < 0.05). By contrast, the number of these cells in the TRPC3 -/-mice was significantly increased in the preterm labor group than in the full-term labor group. These findings suggest that TRPC3 knockout promoted the activation of T cells, 
Discussion
In this study, we collected uterine smooth muscle tissue from women experiencing either preterm labor or full-term labor and investigated the role of TRPC3 in the uterine smooth muscle tissue. We also used TRPC3 -/-mouse models to further validate the relationship between TRPC3, Ca 2+ channels, and T lymphocytes with the purpose of providing theoretical evidence for the clinical prevention of threatened preterm labor and development of a drugtargeted therapy.
TRPCs are a group of calcium-permeable, non-selective cation channels located in the cell membrane [12] . TRPCs as a subfamily of calcium channels have been increasingly concerned [13] . Senadheera et al. found that increased TRPC3 can enhance the contractility of a pregnant uterus [6] . Their findings indicate that TRPC3 is likely a factor involved in the initiation of labor. Taken together, these data suggest that TRPC3 is likely related to threatened preterm labor. Based on this, we collected the uterine smooth muscle tissue from women experiencing preterm or full-term labor women and found that TRPC3 expression was significantly increased in the preterm labor group than in full-term labor group, indicating that up-regulation of TRPC3 expression promotes the initiation of labor. To validate this conclusion, we established a TRPC3
-/-mouse model of inflammation-induced preterm labor. We found that the time to initiate LPS-induced labor was significantly increased; furthermore, the muscle tension of ex vivo uterine strips was significantly lower in TRPC3
-/-mice as compared to wild-type mice. The T-type calcium channel is a low-voltage calcium channel that has become a potential target for treating many diseases [14] . Nevertheless, little is known about the function of T-type calcium channels in human parturition and preterm labor. Uterine contraction depends on intracellular Ca 2+ concentration in uterine smooth muscle cells [15] . Therefore, changes in calcium channel expression play an important role in regulating uterine excitability and contraction during pregnancy and parturition. T-type calcium channels can be divided into three subtypes: α1G (Cav3.1), α1H (Cav3.2), and α1I(Cav3.3) [16] . Andrew et al. reported that human uterine smooth muscle tissue primarily expresses α1G (Cav3.1) while α1I (Cav3.3) was barely detectable [17] . Our results show that Cav3.1 and Cav3.2 expression was significantly increased in women experiencing preterm labor, indicating that Cav3.1 and Cav3.2 expression is strongly associated with preterm labor. In uterine smooth muscle tissue of TRPC3 -/-mice, Cav3.1 and Cav3.2 expression was significantly decreased, suggesting that upregulation of TRPC3 expression promotes the Cav3.1 and Cav3.2 protein expression-dependent preterm labor.
T cell synapses are transient structures formed between the T-cell and APC cell surface adhesion molecules via several receptor-ligand interaction [18] . The structure is centered upon the T cell receptor-major histocompatibility complex (TCR-MHC) antigen peptide and is surrounded by various adhesion molecules; the complex participates in T cell activation and several additional immunological responses [19] . Our results also showed that the percentage of CD3 + , CD4 + , and CD8 + cells was lower in the preterm labor group than in the full-term labor group; in particular, the percentage of CD8 + T cells in peripheral blood was significantly decreased. Increased TRPC3 expression induced preterm labor, possibly due to increased T cell activation. To further validate this hypothesis, we administered LPS to induce preterm labor in TRPC3 -/-mice. We found that activation of CD3 + , CD4 + , and especially CD8 + T lymphocytes was increased. This finding suggests that TRPC3 knockout promotes the activation of T cells, especially CD8 + T lymphocytes, and inhibits the occurrence of preterm labor.
Our results demonstrate that TRPC3 is strongly associated with the initiation of labor. TRPC3 depends on Cav3.1 and Cav3.2 protein expression to inhibit the occurrence of inflammation-induced preterm labor by decreasing activation of T cells, in particular CD8 + T lymphocytes. These data provide theoretical evidence for the clinical prevention of threatened preterm labor and the development of drug-targeted therapy.
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